Abstract. The present study focuses on characterization the physical properties of liposome formulation which was dispersed in HPMC matrix and lyophilized in the presence of disaccharides. The lyophilized formulations featured cationic dimethyldioctadecylammonium (DDA) to produce dry solid and overcome limitations in terms of detrimental phase separation in phospholipid membranes during production process. Disaccharides, such as sucrose and lactose, have been reported to protect phospholipid membranes during drying, while HPMC was used as dispersed matrix to inhibit recrystallization of disaccharide. Their physical properties were characterized including their morphology using scanning electron microscopy (SEM), crystallinity using x-ray diffractometry (XRD), and solid phase separation using differential scanning calorimetry (DSC). On the basis of these evaluations it was found that the presence of sucrose and HPMC in the formulation showed a miscible mixture and relatively less crystalline-forming properties compared to those using lactose, thus potentially construct a stable dried liposomal formulation. The present study reveals prospective advantages of using combination of sucrose and HPMC in development of dried-DDA liposomal formulation.
Introduction
Liposome is termed as microscopic spherical vesicles with bilayer membranes which is formed when the phospholipids are exposed to water-rich environments, due to their amphipathic nature [1] . Liposomes have been widely used in drug formulation because of their advantageous features including liposomes are good carriers for both hydrophilic and lipophilic drugs, liposome can decrease toxicity by ensuring target organ specificity, that might reduce the effective dose of the drug [2] . In addition, the use of liposome may reduce the risk exposure to other organs that may experience adverse effects [3] . Despite promising potential as a pharmaceutical carrier, the drawback of phospholipid membranes during production restrict liposomal application [4, 5] .
One of the most efficient ways to produce dry liposomes is by lyophilization [6] . The removal of water from liposomal system prevents the degradation of phospholipid caused by hydrolysis. Moreover, solid product may reduce movement of molecules and led to overcome limitations in terms of delicate compared to those liquid product [7, 8, 9] .
Preservation of dried liposome has been achieved by the discovery that sugars can protect membranes during dehydration [10, 11] . Sugar molecules act to replace water molecules bound to lipid headgroups and maintain headgroup spacing in the dry state similar to that of the hydrated lipid [12, 13] .
A cationic lipid dimethyl-dioctadecylammonium (DDA), a cationic surfactant from quaternary (tetraalkyl) ammonium group has been attracted attention and was selected as component of the developed formulation. DDA has been widely reported to carry an adjuvant effect to elicit humoural and cell-mediated immune responses [14, 15] .
In the present study, the new strategies in enhancing preservation of dried liposomal formulation were employed. This include the use of disaccharides (sucrose and lactose) as lyoprotectant and hydroxypropylmethylcellulose (HPMC) as dispersed matrix to inhibit crystallization of components [16] . Therefore, the effect of disaccharides and hydroxypropylmethylcellulose (HPMC) on the physical properties of the developed formulations were characterized. Their physical properties including morphology, crystallinity, and solid phase separation were evaluated. Information on such characteristics may offer future perspective into development of potential formulations of dehydrated liposomes.
Research Methods

Instruments and Materials
The instruments were used for liposome synthesis included rotary evaporator (Buchi Rotavapor R-215, Swiss), waterbath sonicator (Sonica Ultrasonic, Swiss), lyophilizer (VirTis 2KBTXL-75 Benchtop SLC Freeze Dryer). The test instruments used comprised scanning electron microscope (Hitachi TM 3000 Tabletop Microscope, Japan), differential scanning calorimeter (Mettler Toledo SP 85, Swiss), x-ray diffractometer (X'PertPRO PANalytical, Netherlands), and double beam spectrophotometer UV-Vis (Shimadzu UV-1800).
The materials were used as liposomal former included soybean phosphatidylcholine/SPC (Lipoid GmBh, Germany) and dimethyl-dioctadecylammoniumbromide/DDAB (Sigma Aldrich, Singapore), while cholesterol (Sigma-Aldrich, Singapore) was used as a liposomal membrane stabilizer. Hydroxypropylmethylcellulose (HPMC) (Shin-Etsu, Japan) was used as a dispersing matrix and increase the mass of compact matrix for liposomes, while sucrose and lactose (SigmaAldrich, Singapura) were used as lyoprotectant. Methanol (E. Merck) was used of analytical grade as a solvent to facilitate the mixing of liposomal ingredients.
Preparation of Dried Liposomes
Liposomes were prepared by thin film hydration technique. Briefly, all weighed amount lipids in mol ratio of 1:1:0,1 (DDA:SPC:Cholesterol) were dissolved in methanol. Solvent was evaporated under vacuum for an hour. The lipid film was hydrated with pre-warmed (50°C) disaccharide aqueous solution (5%w/v or 10%w/v) under consistent stirring for 10 min. The formed liposomes were sonicated using waterbath sonicator for 5 min, then dispersed into a pre-formed HPMC gel (2.5%w/v or 7.5%w/v). The liposomal formulation was subsequently lyophilized at -20C for 48 hours to obtain solid product. All prepared formulations can be seen in Table 1 . 
Morphology Test using Scanning Electron Microscope (SEM)
The morphology of the entrapped liposomes as well as the solid matrix was investigated by SEM. Portions of the dried product were scattered and glued onto 25 mm diameter plates, which were attached to SEM specimen mounts. The specimens were sputter coated with a layer of gold approximately 5 nm in thickness for 180 seconds and specimens were examined on magnification 5000x.
Thermal Analysis using Differential Scanning Calorimeter (DSC)
Thermal properties of liposome formulation formed were examined by using the DSC (differential scanning calorimeter) instrument. Heating rate is 10°C per minute at a temperature range of 30-250°C. The transition temperature of the sample is observed through a generated thermogram and measured as endothermic peak minimum of phase transition (Tm) during the heating scan. Formation of a new phase which does not undergo phase separation (miscible) and high phase transition temperature may good signs that liposomes can be stored in relatively higher temperature.
Crystallinity Analysis using X-Ray Diffractometer (XRD)
Crystallinity of the dry product were examined by XRD (X-ray diffractometer). Samples were weighed and inserted into the holder and the surface leveled. Furthermore, the holder is inserted into the instrument with the following conditions: Cu metal target, voltage of 40 kV, current of 30mA, slit width of 0.2 inch. Data is collected by scanning mode 0,2-0,5 per minute with a scanning distance 2Ø = 5-40.
Result and Discussion
Scanning Electron Microscopy Data (SEM)
The morphology of liposomes and the solid matrix were imaged by SEM ( figure 1 and 2 ). The micrographies showed that the liposomes were intactly observed in all formulations. FS4 and FL4 which contained sucrose and lactose, respectively at concentration of 10% and also HPMC at concentration of 7.5% showed relatively larger and aggregated vesicles trapped in the solid matrices ( figure 1b and figure 2b ). In contrast, FS3 and FL3 with HPMC at concentration of 2.5% showed more porous matrices than FS4 and FL4 ( figure 1a and figure 2a) .
Furthermore, all liposomes were spherical shaped with smooth surface and intact in porous matrices structure. Such porous matrices are beneficial in terms of a more rapid reconstitution [17] . 
Differential Scanning Calorimetry Data (DSC)
Phase separation in liposomal mixtures can give disadvantage for their application such as make liposomal membrane collapse [18, 19] . To explore this phenomenon thoroughly, phase separation of phospholipids mixtures was investigated using DSC. The DSC thermograms showed the effect of disaccharides on the phase behavior (i.e. phase separation) of dehydrated phospholipids mixtures.
First, as can be seen from figure 3 and 4, the splitting endothermic peaks were observed for both sucrose and lactose formulations. In case of sucrose-containing formulas, FS2, FS3, and FS4 showed splitting endothermic peaks were observed at 190°C and 222°C. These peaks were phase separated sucrose as they were confirmed with its single thermogram that showed peaks at 193°C and 220°C (data not shown). Moreover, FS2 and FS3 exhibited exothermic peaks respectively at 148.25°C and 153.54°C that indicated a re-crystallization was occured. The obtained solid product from FS2 and FS3 might be metastable as they underwent recrystallization upon heating. However, FS1 did not show an exothermic peaks and exhibited slightly broad distribution, indicating more homogenous mixtures were achieved.
The splitting endothermic peaks were also observed in the lactose-containing formulation at 143°C and 220°C. They were further confirmed to be phase separated lactose for their identical profile to single lactose (data not shown). Moreover, FL1; FL2 and FL3 exhibited exothermic peaks respectively at 176.53°C, 181.36°C, and 168.73°C, indicating that they were metastable. This event was not observed in FL 4, indicating that the mixture was relatively more stable.
Sucrose or lactose at concentrations of 5%w/v with HPMC at concentrations of 2.5%w/v did not lead to phase separation during freeze drying, indicating a good miscibility of all components. Moreover, the HPMC matrix at concentration 2.5%w/v might be sufficient in inhibiting recrystallization of all components upon manufacturing processes. We suggested that neither sucrose or lactose molecules interact to other sucrose or lactose molecules as the function of HPMC matrix that act as barrier and preventing crystallization.
Furthermore, the presence of disaccharides between the lipid head molecules might increase attraction between the head groups of phosphoplipids packing, therefore increasing the integrity of the liposomal membrane [20, 21] . In this case, we suggested that sucrose or lactose are potentially fulfilling the purpose of preserving liposomal membrane as function of concentration. 
X-Ray Diffraction Analysis Data (XRD)
The resulting XRD diffractograms were shown in figure 5 and 6. The formulations of FS1 and FL1 showed much less intensive peaks, indicating that both formulas exhibited less crystallineforming properties.
Nevertheless, FS2 and FL2 with higher concentration of sucrose or lactose showed sharper peaks. These reveal that there might be portion of disaccharide still present in crystal form. There was possibility that some sucrose or lactose molecules interact each other causing the molecules to recrystallize. Thus, the present of HPMC matrix at concentration of 2.5%w/v was not able to act as barrier to prevent recrystallization of sucrose or lactose at concentration of 10%w/v. 
Conclusions
The present study demonstrates the potential application of sucrose or lactose as lyoprotectant together with HPMC as dispersed matrix for the development of lyophilized DDA liposomal formulation. The amount of disaccharide (sucrose or lactose) and HPMC in formulation significantly affect the phase behavior of lipid mixtures. The addition of sucrose or lactose at concentration of 5%w/v and HPMC at concentration of 2.5%w/v in liposomal formulation showed more miscible mixtures which preserved intact liposomes on amorphous and porous matrix. The developed liposomal formulation in form of dry solid may be potential for pharmaceutical application.
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